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(54) Improved vascular filter for controlled release 



(57) The present invention relates to a vascular filter 
which can be placed inside a body cavity, such as a 
blood vessel. A catheter may be used to deliver the fil- 
ter, and consists of a tubular basic body with a distal 
end, a proximal end and a lumen extending between the 
ends. The vascular filter may be received in a com- 
pressed state inside the catheter lumen. The catheter 
may include an ejection device, which can be used to 



eject the vascular filter from the distal end of the cathe- 
ter. Some portion of the vascular filter may tend to push 
off In a resilient manner against the distal end of the 
catheter, and the filter preferably includes a brake for 
acting on the catheter lumen, which tends to slow and 
control ejection from the catheter. 
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Description 

RACKGROUND AND SUMMARY OF THE INVENTION 

1 . Technical Background : 

[0001 ] The present invention relates generally to med- 
ical devices, and more particularly to a vascular filter 
and delivery system. 

2. Discu^ion : 

[0002] Vascular filters may be used for a variety of 
therapeutic applications, including implantable vena 
cava filters for capturing thrombus, or for distal protec- 
tion during a vascular procedure. 
[0003] The present invention relates to a f ilter system 
including a vascular filter that can be placed inside a 
body passage or cavity, such as a blood vessel, through 
a catheter consisting of a tubular basic body with a dis- 
tal end. a proximal end and a lumen extending In 
between the ends. The vascular filter can be received in 
a compressed state inside the lumen, and the catheter 
is provided with an ejection device which can be used to 
eject the vascular filter from the distal end of the cathe- 
ter. The filter may be implanted either permanently or 
temporarily. 

[0004] Vascular filters are often made of an elastic or 
so-called "memory" material. Prior to actually position- 
ing the vascular filter according to the known technique 
inside the blood vessel, the filter is arranged in a com- 
pressed state in the catheter. By means of an ejection 
member, the filter may be pushed from the open distal 
tip of the catheter into the blood vessel . 
[0005] Many prior vascular filters expand from the 
compressed state inside the catheter lumen to an 
enlarged or deployed state, when released or deployed 
at the desired site for treatment. Some vascular filters 
tend to resiliently expand to that deployed state, which 
facilitates ejection from the catheter. Also, this resilient 
outward pressing may resist longitudinal movement 
from the desired site or compressive external forces. 
[0006] It is also possible, however, that the resilient 
expansion by a filter may cause it to push off in a resil- 
ient manner against the distal end of the catheter. This 
possible longitudinal pushing or jumping tendency may 
cause a vascular filter to rest in some location other 
than the desired site. Consequently, accurate position- 
ing of the filter inside the blood vessel may require some 
measure of skill. 

[0007] Accordingly, it is desirable to provide a vascular 
filter capable of being more easily positioned accurately, 
and which tends to proceed smoothly and predictably 
during deployment. 

[0008] One embodiment of the present invention is 
therefore to provide a vascular filter for use with a cath- 
eter to introduce the filter, wherein a brake is provided. 
The brake acts between the filter and catheter which 



may tend to control ejection by means of engaging the 
lumen. This engagement may of course be frictional, 
and the brake may be provided on the filter or the cath- 
eter, or may consist of cooperating components on both 

5 filter and catheter. 

[0009] With a vascular filter and catheter system 
according to the present invention, an accelerating force 
exerted by the vascular filter on the distal tip of the cath- 
eter can be resisted or even negated by the brake. The 

10 brake preferably frictionally opposes the movement of 
the filter out of the catheter. Consequently any expan- 
sive accelerating force exerted during ejection of the fil- 
ter is controlled, at least any particular expansive force 
which may cause an unexpected longitudinal advance 

75 in relation to the distal tip of the catheter. 

[0010] The brake may have any of a number of 
embodiments, as will be discussed in the detailed expla- 
nation below which are given by way of example. For 
example, the brake may have been biased, or the 

20 brakes may form a unit with the filter, or niay act in uni- 
son with additional brakes. 

[0011] These and various other objects, advantages 
and features of the invention will become apparent from 
the following description and claims, when considered 
£5 in conjunction with the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

30 

Figure 1 is an external perspective view of a vascu- 
lar filter and catheter system, arranged according to 
the principles of the present invention and in a posi- 
tion of use; 

35 Figures 2 and 3 are partial perspective views of a 
vascular filter and catheter system according to one 
embodiment of the present invention, showing 
operation of a braking systOTi; 
Figure 4 is a perspective view of a vascular filter, 
40 showing another embodiment of the present inven- 
tion; 

Figure 5 is a partial perspective view of a vascular 
filter and catheter system arranged according to the 
principles of the present invention, after the filter 
45 has been ejected from the catheter; 

Figure 6 is a perspective view of a vascular filter, 
according to another embodiment of the present 
invention; and 

Figure 7 is a partial perspective view of the vascular 
50 filter and catheter system of Figure 6. after the filter 
has been ejected from the catheter. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

55 

[0013] The following description of the prefa^red 
embodiments of the present invention is merely illustra- 
tive in nature, and as such does not limit in any way the 
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present invention, its application, or uses. Numerous 
modifications may be made by those skilled in the art 
without departing from the true spirit and scope of the 
invention. 

[0014] Referring to the drawings, in Figure 1 a vascu- 
lar filter 1 according to the present invention has been 
illustrated. In the situation illustrated, the vascular filter 1 
has just been introduced into a blood vessel 2 by means 
of a catheter 3, v/hich is substantially hollow. In the dis- 
tal tip 4 of the catheter 3. at least one vascular filter was 
initially arranged in a compressed state. As an alterna- 
tive (not illustrated), it is also possible that the filter is 
pushed along the entire length of the catheter from its 
proximal end to its distal end. after the catheter distal 
end has been advanced to the desired position. Prefer- 
ably the filter is packed, in a compressed stale, in trans- 
port packaging forming a covering. The vascular filter 
may be ejected from the distal tip 4 of the catheter 3 by 
means of a pushing wire 5 and introduced into the blood 
vessel. Due to release from the radially compressive 
force imposed by the lumen at the distal tip 4 of the cath- 
eter 3. the vascular filter 1 will tend to expand resiliently 
to obtain an expanded shape. 
[001 5] The vascular filter illustrated here comprises a 
number of ribs 6 extending in an axial direction in rela- 
tion to the blood vessel 2 and along the internal wall 
hereof. These ribs 6 form an elongated body member. 
On either side of the ribs 6. filters 7 have been arranged 
each forming a grid shape, Uquid inside the blood ves- 
sel can pass through in an unimpeded fashion, but 
thrombus will tend to be intercepted by one of the two fil- 
ters 7. 

[001 61 An advantage of this configuration is that it pro- 
vides two chances at intercepting thrombus moving 
inside the blood vessel. In addition, due to the configu- 
ration of the ribs 6 which extend along the internal wall 
of the blood vessel 2, there should be no free ends of 
ribs which might stick into the internal wall of the blood 
vessel 2. The configuration of the vena cava filter 
according to the present invention illustrated is conse- 
quently designed so as to minimize any distress or dam- 
age to the blood vessel inside of which it has been 
arranged. As filters 7 have been arranged on either side 
of the ribs 6, and consequently a symmetrical shape 
has been obtained, there is no difference in the perform- 
ance of the filter regarding the direction from which this 
vascular filter 1 has been placed inside the blood vessel 
2. 

[0017] As has been illustrated here clearly, the grid 
shape of each of the filters 7 is such that each of the ribs 
6 is connected with a number of the components of 
these filters. Furthermore, each of the ribs 6 is con- 
nected with both filters 7 on either side. Due to this con- 
figuration, an added safety feature is that one of the ribs 
6 or a component of one of the filters 7 may even break 
without a part of the filter 1 separating as a conse- 
quence. 

[0018] In addition, tipping over or misalignment of 



either filter is less likely due to the more or less tubular 
shape into which the ribs 6 have been arranged, so that 
positioning of the vascular filter 1 inside the blood vessel 
2 can take place with unprecedented stability and relia- 
r bility. 

[0019] The vascular filter 1 is preferably made of a 
very resilient material, like nitinol. Following ejection 
from the distal tip 4 of the catheter 3, filter 1 can expand 
and will be wedged against the internal wall 8 of the 

10 blood vessel 2. 

[0020] In accordance with embodiment of the present 
invention shown in Figure 1, two projections 9 form a 
resilient brake, arranged dose to the proximal end of the 
vascular filter 1 . These resilient projections 9 serve in 

15 particular to control ejection of the proximal section of 
thefilten. 

[0021 1 The projections 9 push against the inside of the 
catheter lumen close to the distal end of the catheter 3. 
The proximal filter 7 may tend to exert a force on the dis- 
20 tal edge of the catheter 3 during ejection of the filter 1 . 
In this way the projections 9 slow down the rate of 
expansion, and thus control the expansive force of the 
filter 7. Thus, accuracy when positioning a vascular filter 
according to the present invention may be improved. 
25 [0022] In the embodiment shown in Figures 2 and 3, 
the projections 9 have been biased and extend in an 
outward radial direction in relation to the proximal end 
section of the filter 1 , so that they push against the inter- 
nal wall of the catheter 3, before escaping from the cath- 
30 eter themselves. These outwardly directed projections 9 
consequently cause a braking force on the internal wall 
of the catheter 3, which is also directed outwards, so 
that control of the ejection of the filter 1 is effected. 
[0023] The projections 9 form a unit with the filter 1 , in 
35 the sense that each of the projections 9 has been made 
of material from the filter 1 located in between closely 
arranged cuts 10. The strips of material from the cuts 10 
have subsequently been biased. 
[0024] The filter 1 shown in the Figures has been 
40 made of a cylindrical unit. As an alternative, the filter 
may have been made from a plate-like unit or from an 
assembly of rib-like elements. Other options are possi- 
ble as well. The filter may have been made of a resilient 
material, such as nitinol. which expands into the filter 1 
45 with the shape illustrated here, following ejection of the 
cylindrical body V. As an alternative or as an addition, 
different types of memory materials, or other shape- 
memory metals, may be used. 
[0025] The projections 9 are positioned radially oppo- 
se site each other near to the proximal end of the filter 1 , so 
that as a consequence a more uniformly distributed 
force is exerted on the internal wall of the catheter 3. To 
this end also, more than two projections 9 may be 
employed. In Figure 2, the action of the projections 9, 
55 which push from the proximal end of the filter 1 against 
the internal wall of the distal end 4 of the catheter 3, has 
been illustrated schematically. As has already been 
mentioned before, this braking effect is preferably 
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present especially during the release and expansion of 
the proximal filter 7 of the vena cava filter 1 according to 
the present invention. The projections 9 tend to slow 
down the ejection speed of the vascular filter 1 , which is 
caused by elements of the proximal filter 7 pushing off 
against the extreme edge of the catheter 3 at the distal 
end hereof. 

[0026] Figure 3 shows the situation illustrated in Fig- 
ure 2 during a slightly later stage, and it is clear that the 
projections 9 pushed against the internal wall of the 
catheter 3 with a certain force. This situation is evi- 
denced by confirming that the projections 9 protrude 
more than the internal dimensions of the catheter 3, in 
the state illustrated in Figure 3. TTie conpression of the 
projections 9 illustrated in 2 consequently ensures that 
a braking force is exerted on the internal wall of the 
catheter 3. which tends to control expansion of the prox- 
imal filter 7. 

[0027] In the embodiment of the vascular filter 1 
according to the present invention illustrated in Figure 4, 
the brake is formed as a single loop 1 1 . The loop 1 1 is 
resilient in the sense that it has a tendency to expand 
from the slate drawn with continuous lines, in the direc- 
tion indicated by arrow A, into the state drawn with dot- 
ted lines. In Figure 4, the loop 1 1 has been illustrated in 
a state which corresponds to transportation inside the 
catheter 3 to the desired position. In contrast, the state 
of the loop 1 1 indicated with dotted lines corresponds to 
the relaxed situation, in which the vascular filter 1 has 
been ejected into the blood vessel. This last situation 
has been illustrated in greater detail in Figure 5. in 
which the vascular filter 1 and the proximal filter 7 with 
its loop 1 1 have expanded in a controlled manner. 
[0028] It should be noted that by the time that the 
bending points 12 of the loop 1 1 pass the extreme distal 
edge of the catheter 3, the majority of the vascular filter, 
and in particular proximal filter 7, will have already 
secured itself against the wall of the blood vessel. Any 
longitudinal force due to expansion of the loop 1 1 , after 
the bending points 12 have been ejected beyond the 
distal tip of the catheter 3, is consequently cushioned by 
the proximal filter 7 being stabilized inside the blood 
vessel 2. 

[0029] One advantage of the embodiment of a vascu- 
lar filter according to the present invention illustrated in 
the Figures 4 and 5 is that the loop 1 1 may be used to 
later remove the vascular filter 1. Loop 11 can thus 
serve as a target for a hook-shaped extraction element, 
in order to remove the vascular filter 1. The hook- 
shaped extraction body (not shown) may engage the 
loop 11, and pull the entire vascular filter 1 back into a 
catheter enveloping the extraction element. 
[0030] After reading the above, many possible embod- 
iments which may be used to control the ejection speed 
during expansion of certain components, other embodi- 
ments and features will occur to one of ordinary skill in 
the field. All of these are to be considered as falling 
within the scope of the attached claims. It is for instance 



possible to use a vascular filter which has a different 
shape than the one described above. It is also possible 
to use a more conventional vascular filter without the 
doutrfe filter-function. The vascular filter also does not 
5 need to comprise ribs extending in an axial direction in 
relation to the blood vessel. 

[0031] Also, one or more removal menders may be 
added at the distal end of the vascular filter, which may 
have been embodied in the shape of a hook or a loop. 
10 Such a removal member can be gat)bed from the other 
side or the distal side such that removal of the filter is 
possible. 

[0032] It should be understood that an unlimited 
number of configurations for the present invention could 

75 be realized. The foregoing discussion describes merely 
exemplary embodiments illustrating the principles of the 
present invention, the scope of which is recited in the 
following claims. Those skilled in the art will readily rec- 
ognize from the description, claims, and drawings that 

20 numerous changes and modifications can be made 
without departing from the spirit and scope of the inven- 
tion. 

Claims 

25 

1 , A vascular filter for delivery through a catheter to a 
desired site in a body vessel for therapeutic treat- 
ment of a patient, comprising: 

30 a base meniser; 

at least one filter element coupled to the base 
member, the filter element having a com- 
pressed shape and an expanded shape, and 
the filter element tending to resiliently expand 

35 from the compressed shape to the expanded 

shape, 

such that when the filter element is positioned 
at the desired site and immersed in a body fluid 
flowing past the desired site, the filter element 

40 is adapted to filter the body fluid; and 

at least one brake coupled to the base mem- 
ber, wherein the brake extends radially outward 
in a relaxed configuration, and tends to resil- 
iently press radially outward when in a com- 

45 pressed configuration. 

2, The vascular filter as set forth in claim 1. wherein 
the filter is integral and unitary. 

so 3. The vascular filter as set forth in claim 1 . wherein at 
least a portion of the filter has been made of nitinoL 

4. The vascular filter as set forth in claim 1, wherein 
said brake is formed as a resilient loop. 

55 

5. A filter delivery system for delivery and deployment 
of a vascular fitter through a catheter to a desired 
site in a body vessel for therapeutic treatment of a 
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patient, comprising: 

a catheter having proximal and distal ends, the 
catheter defining a lumen extending between 
the catheter proximal and distal ends; 5 

a filter disposed within the catheter lumen in a 
compressed shape; and 

an ejection member slidably received within the 10 
catheter lumen, the ejection member being 
selectively actuable to push the filter out the 
catheter distal end into the body vessel in the 
region of the desired site; wherein the filter has 
a filter element tending to resist movement of is 
the filter form the catheter; in a body fluid flow- 
ing past the desired site, the filter element is 
adapted to filter the body fluid; 

and wherein the filter has at least one brake 20 
tending to resist movement of the filter from the 
catheter; thereby controlling the motion of the 
filter during delivery to the desired site. 

6. The filter delivery system as set forth in claim 5, 25 
wherein the brake tends to resiliently press radially 
outward against an inner wall of the catheter lumen 
and includes at least one projection close to the 
proximal end of the filter. 

30 

7. The filter delivery system as set forth in claim 6. 
wherein the projection has been biased in an out- 
ward direction in relation to the filter in the com- 
pressed state. 

35 

8. The filter delivery system as set forth in claim 5, 
wherein at least one additional projection has been 
arranged close to the proximal end. 

9. The filter delivery system as set forth in claim 8. 40 
wherein the projection and the additional projection 
have been arranged on the filter at radially opposite 
sides. 

45 
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